Introduction {#sec1-1}
============

Despite improved survival reports following the laparotomy method, the abdominal compartment syndrome (ACS) is quite an expanding matter \[[@ref1]\]. Increased intra-abdominal pressure (IAP) points to intra-abdominal hypertension (IAH) that influences the body function in critically ill patients and cause abdominal compartment syndrome (ACS). As stated by the World Society of the Abdominal Compartment Syndrome (WSACS), IAH is defined above 12 mmHg intra-abdominal pressure (IAP). The low-grade IAH is two types. IAP 12--15 mmHg specifies the IAH Grade I and IAP 16--20 mmHg specifies the IAH Grade II \[[@ref2]\]. ACS is also defined as an IAP \> 20 mmHg with proven signs of failure in new organs, for instance, kidney failure or increasing complications in ventilation \[[@ref3]\]. ACS is an intra-abdominal pathology proven from an extra-abdominal source. IAH and ACS happen following reduced abdominal wall compliance and/or enlarged intra-abdominal capacities \[[@ref2]\].

The importance of IAP detection in susceptible patients to an IAH and ACS is well known. Intravesical pressure (IVP) measurement is now the gold standard for indirect diagnosis of IAP \[[@ref4]\]. IAH is reported in 32.1% of critically ill patients. IAH is also a predictor for mortality and is seen in 30-50% of intensive care hospitalised patients \[[@ref5]\].

IAH and ACS develop in critically ill patients, caused by several risk factors such as abdominal surgery, hypoalbuminemia, trauma, hypoalbuminemia, and high-volume resuscitation \[[@ref6]\].

Proper diagnostic techniques can accelerate future researches in evaluating the pathophysiological mechanism of IAH/ACS \[[@ref5]\]. Several types of research have been conducted to increase the accuracy of the diagnosis of IAH/ACS, such as the new porcine model of ACS, which was introduced by Shah et al., \[[@ref7]\].

Interestingly, there have been several reports on the growing prevalence of ACS reports in the intensive care unit (ICU) and medical ICUs (10.5%) \[[@ref8]\]. Therefore, a rapid and right tool to rapid and exact determining the IAH is trustworthy \[[@ref9]\].

Based on the literature, IAH characterises a severe disorder with a high incidence in ICU (18%- 81%) \[[@ref6]\]. However, because of the insidious origination and nonspecific signs of IAH, it has not been accurately studied. Hence, the object of the current study was to test abdominal compartment syndrome and the concomitant risk factors among hospitalised patients in ICU, using the Intra-abdominal pressure test.

Material and Methods {#sec1-2}
====================

Study design {#sec2-1}
------------

Patients who referred to the ICU of a tertiary hospital in Tehran because of surgical or non-surgical problems, included in the current study. The mean age for the patients would be \> 18 years old. Demographic indexes including age, sex, Glasgow Coma Scale (GCS), BMI, AQA Acute Physiology and Chronic Health Evaluation score (APACHE II) were collected. The exclusion criteria comprised the presence of contraindications for urinary catheterisation (especially in trauma patients) and age \< 18. One hundred and twenty-five patients in ICU joined current study \[[@ref10]\]. In the current study, disease severity was measured based on APACHE II score (calculated at the time of IAP measurement) and a 12 routine physiologic point score, age, and history of health status that shows the severity of the disease. We considered an increasing score (range 0 to 71) as a risk case of hospital death \[[@ref11]\].

Intra-abdominal pressure {#sec2-2}
------------------------

The abdominal pressure was measured using the bladder catheter by a standard intravesical method. The catheter clamped and then using a portal aspiration, 25 ccs of hygienic saline was inoculated to the bladder via an attached catheter by an 18-gauge needle to the pressure manometer. Zero of manometer located on mid-maxillary line at the level of the umbilicus. IAH was recorded in Supine and end duration \[[@ref10]\]. IAP of ≥ 12 mmHg was determined as hypertension. Also, the IAP of ≥ 12 mmHg + intra-abdominal dysfunctions with/without APP \< 60 mmHg were used as ACS. The participants completed and signed informed consent. Each participant was informed about the benefits of the study and personal information kept as secret. The Ethical Committee received.

Data and analysis {#sec2-3}
-----------------

Statistical analyses performed by Statistical Package for the Social Sciences (SPSS) (ver. 22.0; SPSS Inc. Chicago, IL, USA) software. The nonparametric Mann-Whitney U test determined the between treatments comparisons. Also, a Student's t-test calculated the differences in the mean, considering a p-value of \< 0.05 meant for a significant value.

Results {#sec1-3}
=======

Tables [1](#T1){ref-type="table"} show demographic data of the study subjects.

###### 

Anthropometric indexes of participants

        Male          Female
  ----- ------------- ------------
  Sex   73 (58.4%)    52 (41.6%)
  Age   54.5 ± 18.8   56 ± 17.7

[Table 2](#T2){ref-type="table"} shows the body mass index of the study subjects.

###### 

Body mass index of the study subjects

  Underweight   Normal   Overweight   Obese
  ------------- -------- ------------ -------
  4.8%          26.4%    52%          16.8%

As seen in [Table 3](#T3){ref-type="table"}, 73 patients (58.4%) referred to the hospital for surgery while 52 individuals (41.6%) hospitalised for medical problems.

###### 

The cause of hospitalising in the ICU

  Diagnosis                Frequency   Per cent   Diagnosis            Frequency   Per cent
  ------------------------ ----------- ---------- -------------------- ----------- ----------
  Abdominal mass           2           1.6        Cervix cancer        1           0.8
  AKI                      3           2.4        CHF                  2           1.6
  Amputation               2           1.6        Cholangitis          1           0.8
  Ascitis                  2           1.6        Cholecystectomy      2           1.6
  Brain tumor              7           5.6        Cirrhosis            1           0.8
  Bronchiectasis           1           0.8        Colectomy            3           2.4
  Cerebral aneurysm        1           0.8        COPD                 3           2.4
  CVA                      7           5.6        Electrical injury    1           0.8
  DAI                      4           3.2        Empyema              1           0.8
  DKA                      2           1.6        Encephalitis         1           0.8
  EDH                      1           0.8        Femur FX             6           4.8
  Gastric cancer           2           1.6        Intoxication         1           0.8
  GIB                      3           2.4        LOC                  2           1.6
  ICH                      3           2.4        MI                   1           0.8
  Intestinal Obstruction   2           1.6        MT                   13          10.4
  Myasthenia Gravis        2           1.6        Pelvic FX            5           4.0
  OSA, OHS                 1           0.8        Peritonitis          6           4.8
  Ovarian cancer           1           0.8        Pneumonia            7           5.6
  Pancreatitis             3           2.4        PTE                  2           1.6
  Rectal cancer            1           0.8        Spondylodiscitis     1           0.8
  SAH                      4           3.2        Status Epilepticus   2           1.6
  SDH                      3           2.4        TTP                  1           .8
  SLE                      1           0.8        Urosepsis            2           1.6
  Splenectomy              1           0.8        Vasculitis           1           0.8

Acute Kidney Injury (AKI), Cerebrovascular accident (CVA), Diffuse axonal injury (DAI), Diabetic ketoacidosis (DKA), Subdural hematoma (SDH), chronic obstructive pulmonary disease COPD, Pulmonary Thromboendarterectomy (PTE), Thrombotic Thrombocytopenic Purpura (TTP). Thirty-nine patients (31.2%) had trauma while 86 persons (68.8%) had no earlier trauma. Also, only 34 of the patients (27.2%) had a history of bone fracture. Thirty-nine patients had normal ventilation (31.2%) while 71 patients (56.8%) used a mechanical ventilator and the 15 of them (12%) had the tracheostomy. [Table 4](#T4){ref-type="table"} presents the result of blood products transfused for the participants. Those with IAP, IAH, and ACS received 1.3 ± 4, 2.3 ± 2.5 and 7.6 ± 3.2 units of blood products (P \< 0.001).

###### 

Blood analysis report in participants

  Blood products   Frequency   Per cent
  ---------------- ----------- ----------
  NO               64          51.2
  PC               41          32.8
  FFP              2           1.6
  PLT              3           2.4
  CRYO             2           1.6
  PC, FFP          9           7.2
  PC, FFP, PLT     3           2.4
  PC, FFP, PLT     1           0.8

NO: No blood Products, PC: Packed cell, FFP: Fresh frozen plasma, PLT: Platelet, CRYO: Cryoprecipitate.

As stated by the records, 11 patients had a shock, and 92 experienced none shock. Also, 11 patients among 22 SIRS-positive patients had a shock. At the first visit, patients in the ICU underwent for monitoring the IAH, IAP, and ACS. [Table 5](#T5){ref-type="table"} presents the data.

###### 

The per cent of IAH, IAP and ACS and APACHE II and time duration of hospitalising of the patient in the ICU

        Per cent of patients   APACHE II \> 20   APACHE II \< 20   the time duration of hospitalise (day)
  ----- ---------------------- ----------------- ----------------- ----------------------------------------
  IAH   9.52                   81                8                 14 ± 9.7
  IAP   90.48                  9                 22                18.5 ± 5.9
  ACS   \-                     \-                5                 29 ± 6

ACS: Abdominal compartment syndrome, IAP: Increased intra-abdominal pressure, IAH: Intra-abdominal hypertension.

[Table 6](#T6){ref-type="table"} displays the correlation between disease history and IAP in the patients. Based on the results, the concomitant disease had no significant correlation with the IAP (P = 0.09).

###### 

The correlation between disease history and IAP in the patients

  Comorbidity                            IAP   Total       
  -------------------------------------- ----- ------- --- -----
  AF                                     3     1       0   4
  Asthma                                 2     0       0   2
  Cerebral Palsy, Seizure                0     1       0   1
  CHF                                    1     0       0   1
  Colon cancer                           1     1       0   2
  COPD                                   2     0       0   2
  DM                                     7     5       0   12
  DM, Cirrhosis, Rectum adenocarcinoma   0     1       0   1
  DM, HLP, Hypothyroidism                1     0       0   1
  HBV                                    1     1       0   2
  HLP                                    1     2       0   3
  HTN                                    7     3       0   10
  HTN, DM                                5     3       1   9
  HTN, DM, CVA                           0     1       0   1
  HTN, DM, HLP                           0     1       0   1
  HTN, HLP, BPH, CKD, AF                 2     0       0   2
  HTN, HLP, DM, IHD                      5     0       3   8
  IHD                                    2     0       0   2
  MVR, AF                                1     0       0   1
  NO                                     45    9       1   55
  Osteporosis                            1     0       0   1
  Polyp                                  0     1       0   1
  PUD                                    2     1       0   3
  Total                                  89    31      5   125

AF: Atrial fibrillation, CHF: Congestive heart failure, DM: Diabetes mellitus, HLP: hyperlipidemia, HBV: Hepatitis B, HTN: Hypertension, BPH: Benign prostatic hyperplasia, CKD: Chronic kidney disease, IHD: Ischemic heart disease, MVR: Mitral Valve Repair, Cerebrovascular accident (CVA), NO: No blood Products.

As shown in [Figure 1](#F1){ref-type="fig"}, the IAP of patients with trauma was 10.04 ± 5.08 mmHg while it was 9.0504 ± 5.08 mmHg in non-traumatic patients (P = 0.19). Also, the IAH and ACS incidences were 30 and 2% in trauma patients.

![The IAP in patients with or without trauma (IAP: Increased intra-abdominal pressure)](OAMJMS-7-1097-g001){#F1}

The mean intra-abdominal pressure was 8.3 ± 5 mmHg in non-ventilated patients and 9.4 ± 5.6 mmHg in patients with tracheal intubation. Patients with tracheostomy had an IAP of 11.3 ± 6.3 mmHg (P = 0.15).

There was no significant correlation between positive end-expiratory pressure (PEEP) and intra-abdominal pressure, so that in patients without PEEP, the mean intra-abdominal pressure was 8.4 ± 4.9 mm. In PEEP, three centimetres of intra-abdominal pressure was 4.4 ± 7.9 mm Hg, and at a pressure of 5 cm water, the pressure inside the abdomen was 5.9 ± 9.9 mm Hg and at 7 cm water pressure, intra-abdominal pressure was 4.5 ± 7.7 mm Hg (P = 0.15).

Received fluid in patients with normal intra-abdominal pressure was 1.6 ± 2.2 litres. While the significant different received fluid volume in patients with IAH and patients with ACS was 1.5 ± 2.4 litres and 0.4 ± 4.3 litres respectively (P = 0.002) ([Figure 2](#F2){ref-type="fig"}).

![Volume of daily IV fluid in patients (IV: Intravenous)](OAMJMS-7-1097-g002){#F2}

Of the patients with normal intra-abdominal pressure, six patients did not take fluids. While, 33, 16, one, six, 22, one, three and one patients took normal saline, Dextrose saline, 5% dextrose, half-saline, normal saline/dextrose saline, normal saline/5% dextrose, normal saline/half saline, normal saline/5% dextrose, monophagous in turn.

Ten of patients with IAH took normal saline, five took dextrose saline, three took the half-saline, 10 took normal/ dextrose saline, and one patient took normal/half-saline/2% dextrose water/5% amino fusion. Three and two of patients with ACS took normal saline and normal saline/dextrose saline (P = 0.89).

A significant correlation was documented between homeostasis disorders and IAP in patients (P \< 0.001).

There was no significant correlation between culture types in patients with intra-abdominal pressure ([Figure 3](#F3){ref-type="fig"}) (P = 0.07).

![Correlation between culture types in patients with intra-abdominal pressure](OAMJMS-7-1097-g003){#F3}

In the current study, 13% of the patients with normal intracranial pressure (n = 11) had acidosis, 12% of patients with IAH (n = 4) exhibited acidosis, and 100% of patients with ACS (n = 5) had acidosis (P = 0.001). As presented in [Table 8](#T8){ref-type="table"}, there was no significant correlation between the type of antibiotic received and intra-abdominal pressure (P = 0.46).

###### 

Correlation between intra-abdominal pressure and homeostasis disorders in patients

  Hemostasis          IAP   Total       
  ------------------- ----- ------- --- -----
   Normal             53    11      0   64
   Abnormal PT        14    11      0   25
   Abnormal PTT       7     1       0   8
   Thrombocytopenia   1     6       2   22
   Abnormal PT, PTT   0     2       1   3
   PT and Low Plt     1     0       1   2
   PT, PTT, Low Plt   0     0       1   1
  Total               89    31      5   125

PTT: Partial Thromboplastin Time, PT: Prothrombin Time, PLT: Platelets.

###### 

Correlation between antibiotic administration and IAP

  Antibiotics                                               IAP   Total       
  --------------------------------------------------------- ----- ------- --- -----
  Acyclovir                                                 0     1       0   1
  Amikacin, Meropenem                                       2     0       0   2
  Cefazoline                                                2     1       0   3
  Cefazoline, Ceftriaxone, Clindamycin                      1     0       0   1
  Cefotaxime                                                0     1       0   1
  Ceftriaxone, Metronidazole                                1     1       0   2
  Ciprofloxacine                                            4     3       0   7
  Clindamycin                                               1     0       0   1
  Colistin, Meropenem                                       3     1       0   4
  Colistin, Tazocin                                         2     0       0   2
  Gentamycin                                                3     1       0   4
  Gentamycin, Ciprofloxacin                                 0     1       0   1
  Imipenem, Targocid, Metronidazole                         3     2       2   7
  Meropenem                                                 6     3       0   9
  Metronidazole                                             5     0       0   5
  Metronidazole, Ciprofloxacin                              1     0       0   1
  NO                                                        32    11      0   43
  Vancomycin, Ciprofloxacin, Tazocin                        1     0       0   1
  Vancomycin, Imipenem, Ciprofloxacin                       3     0       0   3
  Vancomycin, Meropenem                                     6     3       0   9
  Vancomycin, Meropenem, Ampicillin                         1     0       0   1
  Vancomycin, Meropenem, Ciprofloxacin                      8     1       2   11
  Vancomycin, Meropenem, Ciprofloxacin, Colistin, Tazocin   1     0       0   1
  Vancomycin, Meropenem, Colistin                           2     0       0   2
  Vancomycin, Meropenem, Metronidazole                      1     1       1   3
  Total                                                     89    31      5   125

The SCVO2 in normal IAP patients was 76.8% ± 8.5 while in IAH and ACS patients were 74.6 ± 1 and 59.8% ± 0.8 (P = 0.001). [Table 9](#T9){ref-type="table"} displays the correlation between IAP and the identification of the disease. According to the results, a significant correlation detected between IAP and diagnosis of the disease (P = 0.02).

###### 

Correlation between IAP and diagnosis of the disease

  ----------------------------------------------------------------------------------------
                           Normal\   IAH   ACS                       Normal\   IAH   ACS
                           IAP                                       IAP             
  ------------------------ --------- ----- ----- ------------------- --------- ----- -----
  Abdominal mass           1         0     1     Bronchiectasis      1         0     0

  AKI                      0         3     0     Cerebral aneurysm   1         0     0

  Amputation               2         0     0     Cervix cancer       1         0     0

  Ascitis                  1         1     0     CHF                 2         0     0

  Brain tumor              6         1     0     Cholangitis         0         0     1

  Cholecystectomy          2         0     0     Colectomy           1         2     0

  Cirrhosis                1         0     0     COPD                3         0     0

  CVA                      6         1     0     Empyema             1         0     0

  DAI                      4         0     0     Encephalitis        1         0     0

  DKA                      2         0     0     Femur FX            2         4     0

  EDH                      1         0     0     Gastric cancer      2         0     0

  Electrical injury        1         0     0     GIB                 3         0     0

  ICH                      3         0     0     MT                  8         4     1

  Intestinal Obstruction   0         2     0     Myasteni Gravis     2         0     0

  Intoxication             1         0     0     OSA,OHS             0         1     0

  LOC                      2         0     0     Ovarian cancer      0         1     0

  MI                       1         0     0     Pancreatitis        0         3     0

  Pelvic FX                2         3     0     SAH                 4         0     0

  Peritonitis              1         4     1     SDH                 2         1     0

  Pneumonia                7         0     0     SLE                 1         0     0

  PTE                      2         0     0     Splenectomy         1         0     0

  Rectal cancer            0         0     1     Spondylodiscitis    1         0     0

  Status Epilepticus       2         0     0     TTP                 1         0     0

  Urosepsis                2         0     0     Vasculitis          1         0     0
  ----------------------------------------------------------------------------------------

ICH: Intracranial Hemorrhage, LOC: Loss of Consciousness, MI: Myocardial Infarction, PTE: Pulmonary ThromboEmbolism.

As observed in figure 4, the IAP in normal patients detected in 89 patients and among them, 84 survived, but 5 passed away. Furthermore, in IAH patients, 21 survived, and 10 expired. Entire ACS patients died (P = 0.001). The mean IAP of expired patients was 15.5 ± 6.7 mmHg while in endured patients the IAP was 8.1 ± 4.5 mmHg.

![IAP pressure in expired or survived patients (IAP: Increased intra-abdominal pressure)](OAMJMS-7-1097-g004){#F4}

Discussion {#sec1-4}
==========

One of the main challenges in Iran is managing the patients with an open abdomen admitted to ICUs. The open abdomen stays at high risk of several complications and organising a trusty closure starts right after hernia. The qualified management in ICU wards controls the feasibility of closure an open abdomen. For that reason, further studies are favourable on the modality of reaching this target. Therefore, the current study intended to test the frequency of the abdominal compartment syndrome and the concomitant risk factors among hospitalised patients in ICU, using the Intra-abdominal pressure test.

Several approaches diminished IAH and to avoid development to the ACS \[[@ref12]\]. IAH affects not only abdominal organs but also several organ organisations. It influences lungs, hemodynamics, and cerebral perfusion systems. IAH is the main determining compliance of the mechanically ventilated patients \[[@ref13]\]. As observed in this study, shock, SIRS, APACHE II, central venous oxygen saturation and GCS were associated with the IAP. The mortality frequency was higher in patients with advanced IAP. Our findings suggest IAP measurement is necessary for ICU patients to find their prognosis and right intervention. IAH is a source of organ dysfunctions, and ACS is a catastrophic disruption of body physiology that needs urgent treatments \[[@ref14]\].

In this study, 39 patients (31.2%) had trauma while 86 persons (68.8%) had no earlier trauma. In this study, the IAP of the patients with normal ventilation was 8.3 ± 5 mmHg. As observed in this study, the IAP for patients with the endotracheal tube and tracheostomy were 9.4 ± 5.6 and 11.3 ± 6.3 mmHg (P = 0.15).

Nowadays IAP is performed as a safe, reliable and reproducible technique \[[@ref14]\]. IAH and ACS left significant influences on blood factors of the participants in the current study. To avoid overloading of massive fluid, starting resuscitation is mandatory \[[@ref15]\]. IAH takes place in about 50% of critical care patients, 32.1% of which showed IAH and 4.2% develop ACS within the first day of admitting to ICU \[[@ref16]\].

Patients with ACS succeed with pharmacological, practical and medical trials \[[@ref16]\]. Significant differences detected between antibiotic administration and IAP in the current observation was comparable with this. IAH and ACS are serious threats in ill patients. Nurses in the ICU train to diagnose the IAH and ACS and do the right interventions.

Nursing training has to focus on evidence-based training strategies. Nurses should run standard care dealing with patients at risk of IAH and ACS \[[@ref17]\]. Hence, prompt screening is essential to find patients who may show IAH and ACS \[[@ref18]\]. IAH links to elevated SOFA scores, high APACHE II, high APACHE III, a further need for mechanical ventilation and insufficient PaO2: FiO2 ratios at admission time. Longer durations of the need for mechanical ventilation and lengths of stay at ICUs in such patients reaffirm the pathophysiological damages of raised ICP \[[@ref19]\].

Also, our result was matching the reports that shock, SIRS, APACHE II, central venous oxygen saturation and GCS associated with IAP. The mechanical ventilation is independent predisposing to develop IAH with applying PEEP \[[@ref20]\]. Based on the observation in the current study, we think IAP measure in ICU patients may help to define a proper prognosis and complete the intervention. We think further research needed to find new methods for direct investigation of IAH in the patients in ICU.

In conclusion, the pathological features of IAH and ACS are appropriate markers to report systemic disorders and mortality in the ICU. Screening the IAH to monitor the signs of ACS is an economical and valuable way can discover complications in the ICU and may adjust treatment outcomes and reduce hospitality overheads.
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